Object. Endovascular therapy has become a widely used method for achieving arterial recanalization in patients who are ineligible for intravenous thrombolysis or those in whom it is unsuccessful. Young stroke patients with large vessel occlusions may particularly benefit from endovascular intervention. This study aims to assess the authors' experience with the use of modern endovascular techniques to treat young patients (≤ 55 years old) with acute ischemic stroke and large vessel occlusions.
Methods. Young patients (≤ 55 years old) undergoing endovascular intervention for acute ischemic stroke at the authors' institution were identified from a prospectively maintained database. Only those patients with a confirmed large vessel occlusion were included. Modified Rankin Scale (mRS) scores were determined at 90 days during a follow-up visit. A multivariate analysis was performed to determine predictors of outcome (mRS score 0-2).
Results. A total of 45 patients met the inclusion criteria. The mean age of the patients in this series was 45 ± 9.6 years. The mean admission NIH Stroke Scale score was 14.1 ± 5 (median 13.5). Mechanical thrombectomy was performed using the Solitaire FR device in 13 (29%) patients and the Merci/Penumbra systems in 32 (71%) patients. The rate of successful recanalization (Thrombolysis In Myocardial Infarction [TIMI] scale Grade II-III) was 93% (42/45). Only 1 patient (2.2%) had a symptomatic intracranial hemorrhage following intervention. One patient (2.2%) sustained a vessel perforation intraoperatively. The rate of 90-day favorable outcome (mRS score 0-2) was 77.5% and the rate of 90-day satisfactory outcome (mRS score 0-3) was 90%. The 90-day mortality rate was 7.5%. In multivariate analysis, postprocedure TIMI grade was the only statistically significant independent predictor of 90-day outcome (OR 3.3, 95% CI 1.01-1.19; p = 0.05).
Conclusions. The results of this study demonstrate that endovascular therapy provides remarkably high rates of arterial recanalization and favorable outcomes in young patients with acute ischemic stroke and large vessel occlusions. These findings support aggressive interventional strategies in these patients. Randomized, controlled trials reflecting modern acute ischemic stroke treatment will be needed to confirm the findings of this study. view our experience with the use of modern endovascular techniques to treat young patients (≤ 55 years) with acute ischemic stroke and large vessel occlusions.
Methods

Study Population
The study protocol was approved by the Thomas Jefferson University Institutional Review Board. Young patients (≤ 55 years old) who underwent endovascular intervention for acute ischemic stroke at Jefferson Hospital for Neuroscience between January 2008 and March 2013 were identified from a prospectively maintained database. Only those with a confirmed large vessel occlusion (vertebral, basilar, internal carotid, middle and anterior cerebral arteries) were included. A total of 45 patients met the inclusion criteria and constituted our study population.
Patient Selection
Patients with suspected acute stroke are admitted from the Thomas Jefferson University Hospital emergen cy department, transferred from affiliated community hospitals, or directly accepted by the attending physician on telestroke call. 5 Under our current institutional protocol, all patients suspected of acute ischemic stroke undergo immediate noncontrast CT, CT angiography, and CT perfusion upon referral to our center. Patients with an NIH Stroke Scale (NIHSS) score greater than or equal to 5-8 and evidence of a large penumbra on CT perfusion 2 (decreased cerebral blood flow, preserved cerebral blood volume, and increased mean transit time in more than 30%-50% of the affected territory), in conjunction with visible main arterial thrombus on CT angiography, are selected to undergo an intraarterial intervention. Contraindications to intervention include improving neurological status with low NIHSS score, extreme old age, and multiple medical comorbidities such as preexisting elevated international normalized ratio. Previous administration of intravenous rtPA does not usually preclude an intraarterial intervention in patients with worsening neurological status.
Endovascular Technique
Procedures are performed under general endotracheal anesthesia and maintenance of systolic blood pressure between 160 and 200 mm Hg (< 185 mm Hg if intravenous rtPA was given). Heparin is administered to maintain the activated clotting time between 200 and 300 seconds throughout the procedure. Mechanical thrombectomy is performed with the Penumbra System (Penumbra Inc.), the Merci Retriever (Concentric Medical), or more recently with the Solitaire FR device (eV3). Intraarterial rtPA and Abciximab (ReoPro, Eli Lilly) are used in some patients as an adjunct to mechanical devices. Postoperatively, all patients are transferred to the neurointensive care unit, after which a noncontrast head CT is routinely obtained to diagnose hemorrhagic complications.
Data Collection
The patient's neurological status was assessed using the NIHSS on admission. The extent of recanalization was classified according to the Thrombolysis In Myocardial Infarction (TIMI) grading system as follows: 0 = no recanalization, I = minimal recanalization, II = partial recanalization, and III = complete recanalization. Safety outcome was assessed by intracranial hemorrhage postintervention, device-induced vessel damage and further propagation of thrombus, and mortality rate at 90 days. Intracranial hemorrhage was classified as symptomatic when it was associated with worsening of NIHSS score by 4 or more points, per the classification of the EuropeanAustralasian Acute Stroke Study (ECASS). 12 Clinical outcomes were determined at 90 days during a follow-up visit and categorized according to the modified Rankin Scale (mRS) score.
Statistical Analysis
Data are presented as mean and range for continuous variables and as frequency for categorical variables. Statistical analysis of categorical variables was performed using chi-square and Fisher's exact tests, as appropriate.
Comparison of means was performed using the Student t-test. Interaction and confounding were assessed through stratification and relevant expansion covariates. A multivariable logistic regression analysis was conducted to determine predictors of favorable outcomes (mRS score 0-2). Factors predictive in univariate analysis (p < 0.15) 1 were entered into a stepwise backward multivariate logistic regression analysis; p values ≤ 0.05 were considered statistically significant. Statistical analysis was performed using Stata statistical software (version 10.0, StataCorp LP).
Results
Twenty-five patients (56%) were female and 20 (44%) were male. The mean age of the patients in the series was 45 ± 9.6 years. Ten patients (22%) were younger than 35 years, 7 (16%) were between 36 and 45 years, and 28 (62%) were between 46 and 55 years. The mean admission NIHSS score was 14.1 ± 5 (median 13.5).
Intravenous rtPA was administered before initiation of intraarterial therapy in 23 patients (51%). Thirty-three patients (73%) were selected based on CT perfusion criteria. The mean duration from symptom onset to femoral artery puncture was 6.7 ± 3.6 hours. Arterial occlusion sites were as follows: middle cerebral artery in 29 (64%), internal carotid artery occlusion in 3 (7%), internal carotid artery T occlusion in 4 (9%), and vertebrobasilar in 9 (20%). Mechanical thrombectomy was performed using the Solitaire FR device in 13 patients (29%) and the Merci/Penumbra systems in 32 (71%) patients.
The rate of successful recanalization (TIMI Grade II-III) was 93% (42/45). The TIMI grades were 0 in 1 patient (2%), I in 2 patients (4%), II in 7 patients (16%), and III in 35 patients (78%). Only 1 patient (2%) had a symptomatic intracranial hemorrhage following intervention. One patient (2%) sustained a vessel perforation intraoperatively. Forty of 45 patients had available clinical follow-up. The rate of 90-day favorable outcome (mRS score 0-2) was 77.5% (31/40), and the rate of 90-day satisfactory outcome (mRS score 0-3) was 90% (36/40). The 90-day mortality rate was 7.5% (3/40).
The rate of 90-day favorable outcome (mRS score 0-2) was 89% (8/9) for patients younger than 35 years, 67% (4/6) for those between 36 and 45 years, and 76% (19/25) for those between 46 and 55 years (p = 0.3). Favorable outcomes were noted in 85% (11/13) of patients treated with Solitaire FR device and 74% (20/27) of those treated with Merci/Penumbra devices (p = 0.4). The following factors were tested as predictors of 90-day outcome: age, sex, NIHSS score, vessel location, use of CT perfusion, use of intravenous rtPA, time from symptom onset to femoral artery puncture, type of device, and postprocedure TIMI grade. In univariate analysis, increasing postprocedure TIMI grade (p = 0.05) predicted favorable outcome. In multivariate analysis, postprocedure TIMI grade was the only statistically significant independent predictor of 90-day outcome (OR 3.3, 95% CI 1.01-1.19; p = 0.05).
Discussion
Because of their long life expectancy, young patients account for up to 20% of potential life-years lost due to stroke. 4 Thus, successful management of acute ischemic stroke in young patients has important public health implications. These implications are even more important in young patients with large vessel occlusions given the devastating natural history of such strokes. The Prolyse in Acute Cerebral Thromboembolism II (PROACT II) study showed a 75% poor outcome rate in patients with confirmed large-vessel occlusions when intraarterial therapy was not undertaken. 8 Likewise, preliminary results from the FIRST trial, a prospective, multicenter, natural history study of patients eligible for but untreated by mechanical thrombectomy from a large vessel occlusion, revealed that only 20% of patients achieved a good 90-day outcome and as many as 40.7% died. 13 Thus, endovascular intervention in young patients with large vessel occlusions has the potential to provide significant clinical and public health benefits. Yet, data on the value of endovascular stroke ther apy in this subgroup have been surprisingly scarce. We are aware of only 1 study that specifically assessed the safety and efficacy of endovascular stroke intervention in young patients. In this small series, Mocco et al. 18 reported on 7 young patients (≤ 35 years old) who underwent endovascular interventions for thromboembolic stroke. There were no deaths in their series, and all 7 patients achieved functional independence at follow-up. The authors concluded that endovascular intervention is relatively safe in young patients and may provide a potential benefit in outcome.
Publication of the IMS III, Mechanical Retrieval and Recanalization of Stroke Clots Using Embolectomy (MR RESCUE), and Intra-Arterial versus Systemic Thrombolysis for Acute Ischemic Stroke (SYNTHESIS) results, all of which failed to show a significant benefit with endovascular therapy over intravenous rtPA alone in acute ischemic stroke, has generated negative press about the value of interventional stroke intervention. 3, 6, 15 Although the trials failed to identify large vessel occlusions before enrollment and did not meet current revascularization standards (due to use of first-generation thrombectomy devices), they have prompted an emphasis on the identification of subgroups of patients in whom intervention might be beneficial. Clearly, in light of our results, young patients with large vessel occlusions may be one such group. Indeed, in the present study, 77.5% of patients achieved an excellent outcome (mRS score 0-2) at follow-up and up to 90% achieved a good outcome (mRS score 0-3). In comparison, only 53% of patients suffering acute ischemic stroke at 45 years old or younger in a community study experienced a good recovery. 16 Although our study did not formally include a control group treated with intravenous rtPA alone, our favorable results strongly support a strategy of aggressive intervention in young patients with acute ischemic stroke and large vessel occlusions. This is further supported by the poor outcomes associated with noninterventional strategies in large-vessel occlusion strokes, as discussed above. Moreover, the rates of favorable outcomes in our study are well above those in published trials on intraarterial therapy. For example, the rate of favorable outcomes was only 40.8% in the IMS III trial 3 and 30.4% in the SYNTHESIS Trial. 6 We experienced a recanalization rate as high as 93%. This high recanalization rate highlights the value of intervention in young patients with large vessel occlusions. In fact, young patients have a less tortuous and atherosclerotic arterial anatomy with more robust vascular walls, which facilitates endovascular intervention and potentially reduces procedural complications. As such, there was only 1 instance of vessel rupture (2.2%) and only 1 clinically symptomatic intracerebral hemorrhage postprocedurally (2.2%). To put these numbers into perspective, in the recent IMS III trial, the recanalization rate was only 40% and the intracerebral hemorrhage rate was 6.2%. In the large Swiss series by Galimanis et al.,
9 successful recanalization was achieved in 70.3% and symptomatic intracerebral hemorrhage occurred in 5.5%. Again, our results emphasize the safety and efficacy of intraarterial therapy in promoting favorable outcomes in young patients with acute ischemic stroke.
The multivariate analysis identified successful recanalization as a predictor of favorable outcome in young patients with acute ischemic stroke. This finding highlights the importance of achieving arterial recanalization in a timely manner in young patients with large vessel occlusions. Although our study was underpowered to detect differences in subgroups of patients, we observed some interesting trends that are worth mentioning. First, excellent outcomes (mRS score 0-2) occurred in 74% of patients older than 35 years compared with as many as 89% of patients younger than 35 years. This interesting finding supports a particularly aggressive interventional strategy in very young acute ischemic stroke patients. Second, favorable outcomes were noted in 85% of patients treated with Solitaire FR device versus 74% of those treated with Merci/Penumbra devices. Although this difference did not reach statistical significance, the finding appears to replicate the results of the Solitaire With the Intention For Thrombectomy (SWIFT) trial in which higher recanalization rates (61% vs 24%) and better neurological outcomes (58% vs 33%) were found with the Solitaire FR device compared with the Merci device. 21 However, larger studies are needed to confirm these trends.
The limitations of our study are related to its retro-spective design and the absence of a control group treated with intravenous rtPA alone. There is currently no standard definition for young age in acute ischemic stroke. We chose a cutoff of 55 years to provide a sizable sample of patients, taking into consideration the fact that individuals younger than 55 years of age usually remain healthy. A more conservative approach would have been to select a cutoff of 35 or 45 years of age. The time interval from symptom onset to femoral puncture was rather long, but this is expected given our reliance on CT perfusion and the fact that most patients are transferred from affiliated community hospitals.
Conclusions
The results of this study suggest that endovascular therapy provides remarkably high rates of arterial recanalization and favorable outcomes in young patients with acute ischemic stroke and large vessel occlusions. These findings support aggressive interventional strategies in these patients. Randomized, controlled trials reflecting modern acute ischemic stroke treatment will be needed to confirm the findings of this study.
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